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0 Sintered coating for porous metallic filter surfaces. 



0 T & procs^for fenning* a» filter, ae4 tba 5 picpducl filter are disciosed. The filter uses a porous metal substrate, 
preferably in the form of a tube, preferably formed of stainless steel particles having a diameter of from 30 to 
tOO micrometers and a pore size of from 1 to 10 micrometers. A slurry of metal oxide particles of from 0.2 to 1 .0 
micrometer diameter is applied to the porous metal substrate which is dried and then the particles are sintered 
together by heating. The preferred metal oxides is Ti02. 
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SINTERED COATING FOR POROUS METALLIC FILTER SURFACES 



BACKGROUND OF THE INVENTION 



5 FIELD OF THE INVENTION 



The present invention relates to sintered metal filters which have been impregnated with a finely divided 
ceramic material such as titania and then heated so that the ceramic material sinters together. 

10 

PRIOR ART 



75 U.S. 4762,619 discloses forming a dynamic membrane on a porous sintered stainless steel support 
The porous stainless steel support is impregnated with an aqueous nitrate solution, followed by a solution of 
polyacrylic acid, followed by a solution of sodium hydroxide to form a porous zirconia medium in the 
sintered metal filter. 

U.S. 4,520,520 describes ultrafiltration membranes made from a sintered stainless steel support (31 6L) 
20 impregnated with zirconium oxide, 

U.S. 3,022,187 discloses a porous membrane and process for making it by drawing by suction a 
suspension of grains of a metallic oxide in a fluid into a rigid sintered metal support 

25 SUMMARY OF THE INVENTION 



The present invention relates to a filter and process for making same wherein a porous sintered metal 
structure is impregnated with a particulate metal oxide and the resulting structure heated to sinter the metal 
30 oxide particles to each other. The sintered metal structure preferably is made from stainless steel. The 
stainless steel has a melting point higher than the temperature at which the metal oxide particles sinter 
together. 

35 DETAILED DESCRIPTION 



It has long been recognized that it is advantageous, in filtration separations of liquids from materials 
ranging from coarse particles to dissolved salts, to configure the filter with pores as smalt as necessary for 

40 removal on the feed side and with much larger pores over the rest of the filter thickness. A striking example 
is the Loeb-Souririjan cellulose acetate membrane, in which manipulation of the casting procedure results in 
a thin homogeneous skin capable of removing dissolved salts from water, supported by a spongy porous 
layer, through which the desalted water passes with high permeability. Such a configuration not only allows 
high production rates with minimal pressure drops, but also hinders plugging of the pores in the high- 

45 permeability substructure with extraneous materials in the feed. 

Wrtfr'tormednn-ptee^ thin layers 

on the feed sid . For many membrane-forming additives, there are optimal pore sizes, frequently of th 
order of tenths of micrometers. Supports of materials preferred for many applications are not economically 
fabricated in th se optimal pore dimensions. An example is porous metal tubes, such as stainless steel. 

so Cost of powders, as well as fabrication procedures dictates that these have average pore sizes in th 
several micrometer range. Although such sizes are advantageous in that there is relatively little pressur 
drop in flow of fluid through them, they suffer the limitations outlined above in their use as substrates for 
many formed-in-place membranes. In addition, many applications would not require membranes; if the 
m~-<** ^ t^e feed side wer smaller. An example is removal of microorganisms or large fragments from 
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On. «**» o. thto is •» *»"*n of . «* lay" ol .m.11 «f««v pore *• by 

• advantage of the strength of P or °f ™^ in equipment (valves, etc.) and in 

o tions and adds to expense. ^„n miefl i method of fabricating porous metal support 

surface of one side of a porous metal support, and by then fixing this layer in piace uv 
elevated temperature, preferably in a reducing atmosphere or an „ . 

which have an 

so Generally the porous metal support should be torn* ^"JJ"™* micrometers with from 30 
irregular shape. These metal particles should ^i^UTiS" fr ™ 05 to 10 

iisstra r. ass: Aj5~ ~ - — - hav a 

porosity of 5 to 20% prior to J «£ Jg^ not by the fluids it is intended 

being used. Generally austinitic stainless steels are preferred l foruse herein. The pamcu 
stainless steels are the 300 series with 316L be.ng esp^prefen^o. have a 

The metal oxide particles used in ^^J^^J^^SXSm tempeSure below the 

sintered together has given particularly good results. particularly an aqueous 

3S The metal oxide is applied to the porous metal support m* -form o fa sfcmy g« » bej 
slurry. Generally the vofcme ratio of powde, to J^JJ^ the porous met* 

preferred. There is a tendency for the s urry J ^ to handl8 . , n SUC h 

substrate. This dewatering can lead to a sluny which is undes, ab ^ v jcous ^ ^ ft jg 

eyent,,itis.,possible.to wet.the. porous metal ^ meta i oxide particles can b 

<o preferred to apply the metal oxide » l a doctor blade or in th 
forced into the pores of the porous metal substrate by m ^7a tiaht fitting rubber stopper through the 
case of a tube by filling the tube wrththe slurry ^^^^jtZS^ and a pressure applied, 
tube. A.temafive.y the slurry may b. £rt te *e^rou t0 „ psi {14 kPa to 48 KPa) 
Generally this pressure will be from 0 to J00 ps jo to «*» > ^ ^ tQ me 

„ being preferred. The pressure open end is fitted 

inside of a porous metal tube, the tube is filled witn me s« y ft mus 

with a stand pipe which is filled with ^oSuTtube is adequate to fill the 

created pressure coupled with capillary ^^^^VmechaSy working the metal oxide Into 
^oi^supporttube to the desired ^ ft ^ subsets. Various- device 

so tbTsupport. excess metal oxide is stainless steel, brass, or polymeric 

can be used to remove excess metel o«de •TJJJJJ^SJ^ , 0 scrape excess material from the 
bristles, sponge devices either wet ^^^^^TwaJ isdesirable. especially if the 
metal substrate without damaging ftt ^Hscous and difficult to manage. Excessive 

55 sua *z rr^eate r ssx* <* — — - - — * - 

^Cnext step Is to dry the porous metal substrate impregnated with the mete, oxide. Preferably this is 
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10 



suBdetW NQk Blif ^Jl^ » <1S tempo*™ be Iron «00 » 1200 C 

from 10 to 20 minutes being preferred. particles. There were a very few surface 

,n the work done all samples were deeply. Though only very slight 

flaws about 1 micrometer across and ^^^^JpeaSl to produce superior, coating density, 
differences were evident the hfcher ^^^^^ lca tion Ts^rry were virtually free of the 
The samples which were washed dunngs^ r^*™W> ^ ^ ^ steel 

ss r ss3 irr^rTm 9 ^ sa* . ,*» - - depc** « - 

pores was observed. fe indicated that the metal oxide particles had 
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Example 1_ 



20 



25 



30 



A hollow sintered met, tube iW-M 
about 30 micrometers across Mr ^^T^^In^dlamSr of 125 inch (3.175 cm) and a 
in diameter, an outside diameter of 1^7 ^(4^3 ^a^^ ^ filted ^ a slurry of 3 parts by 

iength of 2 feet (0.61 m) is used. Thetube ho " 2 ™ ™ *J head io seconds contact time. The 
volume T,0 2 and 1 part by ^^ ^^^sSl form and in the form of generatiy 
tube has been prewet with water. The _ « » Aerometer. The tube is drained and a snugly fitting 
spherical particles having an average *J» ™™ extending from 30 to 100 microns .nto me 

p^g drawn through the tube to produce a ^J^J^^ ^ removes a light coating of powder 
Lbe. Washing with water and f^^^^^wdeVsomewhat 
from the metal surface and erodes the surrounding sea m\ P° re ^ ^al hours. 

The tubes are dried by standing in a.r a^slightiy^ated temper atmosphere for 10 

The tube and powder are heated at 2000 F (1093 C) J ng ^ M consoUdation of 

routes to sinter the TiO, particles ^ convert 30 « formation of aacks in tha 

me stainless steel, though minor, tends to offset the snnnicage 



sintered coalesced product is minimal. 



35 



Example 2 



40 



50 



Tubes as described in Examp, 1 
of TiO, powder to water in the ™^u«ry aPP W *jj J^* in peptone solution. S. lact,s .s a 
filter a stream containing ^f^^^^ in diametor. used as a starter culture in prepanng 
spherical bacterium approbate* 1 J***"2J § J and operated producing filtrate w,th LRV 
fermented milk products. Twenty ^ZTS^S^ count)] of 7.84 on avenge. By chanson 
[LRV (log reduction value) '^df wTa ZOPA membrane In place the LRV of one membrane _ tub 
the unaltered tube seldom has ^ v «^^ bacteria in the filtrate. A ZOPA membrane on , unaltered tobes 
was at least 8. there being no (less <^ JJ^Em Is a commercial membrane formed from ZrO and 
win seldom exceed LRV - ft ^A ZOPA , m«mt»w » » J^EL. steel support as used in Example 1 

po^^^f^^^^^^l 4.762.619 and U.S: 4.52O-.520-. 
above. ZOPA membranes are further oescnoeu 



Example 3 



. e u 1 were compared with conventional tubes 

56 The subject tubes similar ^^l^f slmuteted cteaning cycle with bade flow was 
prepared with filter aid for the application^ of ""^^ 2 . Gircu late 1/4% aqu eous solution of crtric 
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acid at 70.C, 3. Base and peroxide wash with detergents, 4. Acid wash with Ultrasil* at 70* C. Ultrasii is a 
cleaner containing 30% nitric acid and 25% phosphoric acid. The subject tube changed less than 10% from 
its prior value for Flux/Pressure while the tube coated with conventional filter aid increased its value more 
than 100% indicating substantial removal of the filter aid. 

s 

Example 4 



io In actual tests on apple puree, polymeric membranes prepared with filter aid on tubes with improved 
substrates (as prepared in Example 1) and on conventional substrates were operated with a tube of 
improved substrate without polymeric membrane. During the testing, the membraned improved substrate 
tube (membraned after cycle 1) was operated near the front and the unmembraned one at the aft station of 
the train of tubes. All tubes were operated, cleaned (cleaning removes the membrane), and selected tubes 

Ts reformed for several cycles. The improved substrate tube near the front was operated without the 
membrane for the first cycle only. The progressive values of water flux/pressure at standard conditions 
following cleaning during 5 cycles is reported in the following table. 

Table 

20 



25 



End of 
Cycle 


Conventional 


Improved Substrate 


gfd/psig 


gfd/psi 


With 
Membrane 


Without 
Membrane 


1 


16 


6.T 


5.2 


2 


17 


7.3 


4.3 


3 


14 


7.5 


6.1 


4 


28 


7.1 


62 


5 


22 


7.4 


5.9 



• Cycle 1 operation without the membrane 



35 

In the Table gfd/psi stands for gallons per square foot of membrane per day per pound per square inch 
pressure above the pressure of the filtrate. 

Thewaiet flux/psessur^ are reported separately under Improved Substrate in 

40 the Table. The improved substrate tubes were noticeably more stable. 

the operating fluxes in gfd were found to be higher than the adjacent conventional tubes by 42 and 30 
compared with 15 and 28 on the first day. On the third day they were 33 and 33 compared with 23 and 26. 



45 Example 5 



Conventional substrates with ZOSS (zirconium oxide on stainless steel) membrane coatings, as 
disclosed in, lia, 4,762.619* without the poiyacrylic acid component or in U.S. 4,520.520. have been 

so operating for more than 3 years on an industrial plant process effluent consisting* of 5 W tG**fr byweigfc^ 
sodium hydroxide solutions contaminated with process materials. Tests have been conducted for over 9 
months comparing tubes with th improved substrate of the present invention with those conventional tubes 
with membranes. The av rage flux is greater than 75 gfd compared with 15 gfd for the conventional 
preparation. The improved substrate tubes of the present invention requir no recoating compared to a 

55 monthly eye! tor conventional tubes and the operating time between cleaning cycles for improved 
substrate tubes of the present invention is twice that of conventional tubes. Industrial plant tests have also 
demonstrated the ability to remove contaminants from 25% sodium hydroxide solutions and to concentrate 

-* ae r«*ouired wh n conventional substrate is utilized. 
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Example 6 



Laboratory tests with improved and conventional substrates with ZOSS membranes have been con- 
5 ducted on Ou Pont Elvanol® T-25 LR Test conditions of 5% PVA and 0.5% wax (conforming to typical 
textile applications) at 85* C and 11 ft/sec (3.3 m/sec) cross velocity in 5/8 inch (2.6 cm) diameter tubes 
have been maintained. After 30 minutes the membranes using the improved substrates of the present 
invention maintained about 6 gfd/psi whereas the conventional membranes maintained between 1 and 2 
gfd/psi. 



Example 7 



15 

Semi-Mechanical Pulping Digestion Liquor (SCMP) 



One of many processes in the pulp and paper industry produces the SCMP feed stream. A feed volume 
20 was operated in batch mode with permeate removed until the concentrate volume became approximately 
one-half its original value (50% recovery). Three membranes, two on improved substrates of the present 
invention and one on a conventional substrate, each with ZOSS coatings were tested. The improved 
substrate membranes of the present invention produced fluxes of 90 gfd average, while the conventional 
membrane registered 40 gfd. Removal of color was simultaneously superior for the altered substrate. 



Claims 

1. A process for forming a filter comprising treating a porous metal substrate formed from particles 
30 having a size of from 30 to 100 micrometers, and pores of from 0.5 to 10 micrometers, with a slurry of 

sinterable metal oxide particles having a diameter of from 0.2 to 1.0 micrometers to fill the pores in the 
porous metal substrate to a depth of 30 to 100 micrometers, drying the porous metal substrate and metal 
oxide particles until substantially free of liquid, heating the substrate and metal oxide particles to a 
temperature sufficient to sinter the metal oxide particles to each other, but not high enough to melt the 
3$ porous metal substrate. 

2. The process of Claim 1 in which the powder is T1O2. 

3. The process of Claim 2 wherein the tube is heated to from 900* to 1200* C to sinter the powder. 

4. The process of Claim 3 wherein the porous metal substrate is made from stainless steel. 

5.. >T^p«o©6^oi.^ liquid in the slurry is water and the volume ratio of T1O2 poowder 

40 to liquid in the slurry is from 0.1 :1 to 3:1 . 

6. The process of Claim 5 wherein the stainless steel is a 300 series stainless steel. 

7. The process of Claim 6 wherein the stainless steel is 316L 

8. The process of Claim 7 wherein the volume ratio of Ti02 powder to water is from 1 .2:1 to 1 .8:1 . 

9. The process of Claim 8 wherein the T1O2 is in the anatase form as applied to the substrate and in the 
45 rutile form after sintering. 

10. A filter comprising a porous metal substrate formed from particles having a diameter of from 30 to 
100 micrometers and a pore sfee of from 0.5 to 10 micrometers, the pores of which on one side of th 
substrate are filled to a depth of 30 to 100 micrometers with sintered metal oxide powder having a diameter 
okfroavOa ta1,jQ micrometers. 

so 11. The filter of Claim 10 wh rein the metal oxide powder is TiOi. 

12. The filter of Claim 11 wherein the porous metal substrate Is made from stainless steel. 

13. The filter of Claim 12 wh rein the stainless steel is a 300 series stainless steel. 

14. The filter of Claim 13 wh rein the stainless steel is 31 6L stainless steel. 

15. The filter of Claim 14 wherein the T1O2 is in the rutile crystal form. 
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